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dosimetric variables were known. their duplication for a mouse or
rat may fail to account for species differences in mass, anatomy.
and physiology--and for physical differences in depth of penetra­
tion and distribution of absorbed energy. Thus one might chal­
lenge the findings of Szmigielski and colleagues, who found
reliable evidence of pro~otion of induced and spontaneous malig­
nancies in mice after a prolonged series of intermittent expo­
sures to a microwave field. The investigators instituted a
schedule of exposures that loosely emulate in timing and intens­
ity what some human workers might encounter during a succession
of workweeks, but the mouse's three years of longevity and the
human being's three score and ten are disproportionate by a
factor in excess of 20. A four-hour exposure of a man may be
akin to an 80-hour exposure of a mouse.

The criterion of biological equivalence, like that of ecological
validity. is difficult to meet. To invoke again the work of
Szmigielski and colleagues, the demonstration of accelerated
growth of spontaneous mammary cancer was based on a genetically
susceptible strain of animal that has been inbred for this defi­
ciency. Does not selection of this strain violate the need for a
model that emulates human susceptibility? Some reviewers have
answered in the affirmative. and accordingly they have challenged
the generality of the finding.

A well-established regulatory convention may well rescue the in
vivo data from arguments that the criteria of ecological validity
and biological equivalence have not been met. Reference is to
rules of procedure and interpretation mandated by the U.S. Food
and Drug Administration (FDA). The thrust of these rules is that
an agent producing toxicity in laboratory animals has prima facie
weight as a human toxin. Admittedly more of a legislated than a
scientific principle, one may nonetheless offer supportive scien­
tific argument. The life spans of man and mouse indeed may
differ, but the latter species ostensibly has greater resistance
to acute insult by microwave fields at the intensities and doses
used by Szmigielski and colleagues. And the charge that a ge­
netically susceptible strain of animal fails to emulate the human
condition is valid only for healthy human beings free of heredi­
tary defects. The general population contains thousands of indi­
viduals that share with inbred mice a heightened sensitivity to
insult. These individuals. too. are deserving of protection.

It is a scientific truism that no datum is a hard datum that
establishes a reasonable claim to a causal linkage until con­
firmed in independent experiment. By this criterion. if strictly
interpreted, all the in vivo studies under review present soft
data in need of confirmation. If more generously interpreted,
one can make a case that the findings of Kunz and colleagues
represent an extension if not a confirmation of the findings of
Szmigielski and colleagues. Despite much lower SARs (0.15-4.0
vs. 3-9 W/kg). Kunz et a!. observed a highly reliable difference
in the incidence of primary malignant tumors in their aging rats.
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The survival times of Kunz et al.'s rats were not diminished by
their near-life-long exposure to the field. That the increased
incidence of cancer in irradiated rats was not paralleled by
reduced longevity poses an interpretive problem that has led some
scientists to dismiss the the cancer datum as an artifact of
chance. However. although 18 percent of the irradiated rats
developed primary malignancies (compared with five percent in
controls). the preponderance of animals in both groups died from
other causes, and much larger samples might have been needed to
detect. statistically, a cancer-related difference in survival
times. The SARs to which the rats were SUbjected were relatively
low and were diminishing over time. If the cancer datum is real,
and if the SARs were close to threshold values. somewhat higher
SARs would have been needed to induce a the higher incidence of
malignancies that would be reflected in truncated survival.

As noted, the finding of a high percentage of primary malignan­
cies in the rats of Kunz et al. has been dismissed by some
scientists as a quirk of chance. This dismissal is predicated on
the differing sites of tumor growth and kinds of tumors, and
because the historical data on the normal, untreated Holtzman
rats used by Kunz et al. indicate that a high incidence of malig­
nancies is common in the aging animal. The first criticism is
valid for a carcinogen or co-carcinogen with a specific affinity
for some organ. but it may not hold for an ae-ent that results in
non-specific stress. The second criticism is of little merit
because historical data cannot control for the vagaries of a
particular experimental environment. It is unfortunate, more­
over, that the Kunz et a1. study did not incorporate reference
(normally caged. untreated) controls, as well as an experimental
group of rats exposed to continuous-wave (as opposed to pulsed)
microwave fields. For therein lies one of the two strong dif­
ferences in the studies of Szmigielski, et aI., and Kunz. et a1.:
the disparity of SARs, already mentioned. and use in one study
of continuous waves vs. use of pulsed waves in the other.

The findings of Kunz et al. cannot be accepted as "hard" data
until independently confirmed and extended. But neither can they
be dismissed. In the light of the data reported by Szmigielski
et a1. and by Balcer-Kubiczek and Harrison. who found evidence
that microwaves are cancer promoters, and by Manikowska-Czerska
et aI., who found that pulsed microwaves at very low intensities
were associated with chromosomal translocations. there are
grounds to suspect that pulsed RF fields at relatively low inten­
sities may have ad~erse consequences for some segments of the
human population.

The reviewer has made much of the factor of corporal restraint as
a source of stress artifact in experimentation by Manikowska et
a!., which also may have been present in the experiments of
Manikowska-Czerska et al. Although a confounding factor. the
stress of restraint may have numerous "real-world" analogues.
That is, healthy human beings may be refractory to insult by RF
radiations at intensities low to moderate. but individuals debi­
litated by disease, by inborn errors of metaboli~m, or by intense
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stress of physical or psychological origin, may be selectively
susceptible to RF radiations, even at relatively low intensities.
This susceptibility may be heightened when the field is sinusoid­
ally modulated or pulsed at certain critical frequencies.

~ECOMMENDATIONS

For reasons already given. threshold power densities or SARs for
adverse effects on health are not forthcoming in the epidemio­
logical studies. The highest power density measured at the U.S.
Embassy in Moscow, 18 mW/cm 2 , appears to be a "safe" level, given
the absence of adverse effects reported for the Embassy employees
and offspring. Similarly, power densities at which U.S. Navy
personnel were presumed to be exposed to microwave fields in the
Silverman et al. study ranged as high as 100 ~W/cm2_-again
without evidence of adverse effects. Unknown in both studies are
ranges and durations of exposure, which preclude the data from
offering a conclusive warrant of safety.

Thresholds of irreversible insult were not determined in any of
the in vivo or in vitro experiments reviewed in this report.
From the study of Szmigielski and colleagues emerged convincing
but as yet unconfirmed data that microwave fields at 5,000 pW/cm 2

(SARs of 2-3 W/kg) can accelerate growth of spontaneous and
induced cancers in mice, which reliably reduced survival times.
The data of Kunz et al., which are based on near-life-long expo­
sures of rats at SARs ranging downward from 0.4 to 0.15 W/kg,
also are lacking independent confirmation. Longevity was not
affected in spite of a more-than-threefold increase in frequency
of primary malignant tumors, which may be indicative that a
threshold for injury to the rat's immune system lies between 150
and 400 mW/kg. These SARs would scale to power densities approx­
imating 3,500 to 10,000 pW/cm 2 for human beings exposed in the
far zone of a comparable microwave field.

Independent confirmation of the studies of Szmigielski et al. and,
especiallY, of the study by Kunz et al. would augur the need for a
new operational definition of the SAR threshold of harm in U.S.
standards for limiting exposures to RF fields. Until independent
studies are performed that confirm or fail to confirm the tentative
evidence of cancer promotion and carcinogenesis--and conduct of
such studies should be accorded high priority--there are no grounds
in the currently available data base to reduce limits on exposure
to RF fields below those recommended or contemplated, e.g., by the
NCRP in its Report No. 86.

The most stringent limits recommended by the NCRP are on Very High
Frequency (VHF) fields at frequencies between 30 and 300 MHz; to
maintain a whole-body averaged SAR below 0.08 W/kg for general­
population exposures. the power density is limited to 200 pW/cm 2 .
(This power-density limit is further reduced if certain modulation
parameters are present in incident radiations, but these parameters
are not present in the Seattle sources of RF radiation and, there­
fore. are not at issue.)
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Noted in NCRP Report No. 86 is a problem referred to earlier in
this review--RF burns and electric shocks--that has not been iden­
tified or resolved in earlier reviews or standards published by the
ANSI or the EPA. Reference is to recent findings on burn and shock
thresholds by Om P. Gandhi at the University of Utah. which have
been confirmed in the laboratory of Arthur W. Guy at the University
of Washington in Seattle. Based solely on established thresholds
of burn and electric-shock hazards, currently,permissible exposures
to electric f.ields in the United States are mor'e than 35 times too
high at certain frequencies. (Conversely, limits on exposure to
magnetic fields are as much as 10,000 times too stringent at cer­
tain frequencies.) Additional research is needed to identify and
quantify limits on power densities at which burn and shock hazards
are controlled.

All t h r e e set s 0 f data - - e p i de mi 0 log i c a I , in v j v 0 , and j n v j t r 0- ­

point to the need for experimental studies that evaluate how RF
radiations act when combined with toxic (including carcinogenic)
agents. Controlled studies on laboratory animals should be
performed to determine how thresholds to such agents are altered as
a function of SAR, field frequency, and modulation parameters.

Finally, another issue of high priority is the character of fields
that are radiated by transmitters of amateur-radio operators. The
proximity of radiating antennae to the homes and occupants of the
amateur operators, the sophistication of the operators in making
measurements of fields in and about the home, and the carefully
recorded logs in which are records of frequencies used and times
spent "on the air"--all create the scenario for a highly valuable,
prospective epidemiological study.
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son's group at Rochester University, to convene a panel discus­
sion on the "Biological Effects of Microwaves: Future Research
Directions" at the 1968 International Microwave Power Insti­
tute annual meetings.3 With two consenting partners, it should
come as no surprise that RF bioeffects policy of the last decade
and a half has been primarily the product of a marriage be­
tween scientific research and government (including the mili­
tary) support.

ObjrrtillfS 1'f'''SIl_~ 1'1";01';t;fS

The lesson is that we must evolve methods of managing and coor­
dinating research without inhibiting the investigator's freedom....
[This] is of particular importance when basic research pertains to a
matter of public interest. You must have independent reseal-ch if you
expect to get results that can be believed. At the same time you have
to be able to channel the efforts in a direction most likely to produce
the necessary results.-Charles Susskind, Richmond Symposium,
1969

Shortly after it was delegated regulatory respomibilities in
1968, BRH asked a researcher at nearby Virginia (:omlllon­
wealth University, Stephen Cleary, to help assemble a group of
scientists who could assess the present state of knowled~eon RF
bioeffects. BRB's expectations at thc time wcre dear: "w<.' are
... very much interested in the total contribution which this
Symposium will make to our present knowledge and the guid­
ance you will offer us for future efforts in developing required
performance standards for devices that emit unneeded micro­
wave radiation." I BRB officials felt that the scientific commu­
nity could contribute "important value judgments which will
make a positive impact on the activities" of government in the
"day-to-day administration of ... Public Law 90-6{)2."~

Scientists traditionally have responded eagerly to govern­
ment calls for assistance. Since providing advice and receiving
support customarily go hand in hand, scientists have hcen more
than willing to help government solve its problems. This was
particularly true in the late 19605. Even before PL 90-602 was
passed, former Td-Service researchers used the occasion of the
completion of the last Tri-Service project, awarded to Michael-

The initial response of the technical experts to the perceived
crisis of the late 1960s was mixed. The relaxed attitude of in­
dustry was based heavily on years of experience with RF tech­
nology, coupled with a considerable dose of skepticism about
experiments that pointed to possihle low-level effects. This po­
sition was su<-cinctly argued in 1968 by an engineer from the
Chemetnm Corporation: ". started in with a 50-kW transmitter
at 19. unshielded and not very far from the antenna. Apart
from losing my hair. feel pretty good. I wonder how or what
you have been ir~ecting into the organisms so you get these
effects?,,-t Many experts in the late I960s were comfmtable with
the overall nmdusions drawn from the Tri-Service program
and were willing to trust to industry and to the military, the two
pr"imary users of RF technology. lhe task of monitoring hioef-
feelS.

This view, which was principalh maintaincd hy persons (not
all) in industr"y and the military, was vigorously contested by
most university and government scientists. From a purely
scientific standpoint, the research of the 1950s had barely
scratched the surface. Rcsearchers had not succeeded in stan­
danli/ing experimcntaltechniques when the 'hoi-Service fund­
ing ended. They had not looked in <kpth at special exposure
situations, such as pulsed power. This left researchers such as
Tufts University eye specialist Russell Carpenter skeptical
about past policy decisious: ". am lIot ready to be comfi>rtahle
in a microwave field wheu I am told that the average power is
safely below J()mW/cm~ but where I am being subjected to peak
powers many times that figure. 1 would prefer not to be
there."" The obviolls remed", for this situation was more
scientific research.

Most scieutists who favored more research were williug to

- -- .,---------------
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cast their nets broadly. John Howland. who worked with Sol
Michaelson. suggested that serious attention be given to
"numerous curiosities" such as "the howling of dogs near trans­
mitters. peculiar actions of birds. fatigue and headaches in
workers. and other psychosomatic complaints.'·(; When How­
land made this rt'comnH.'ndation to colleaRues in J91iH. the
dlalKes of pursuing such research looked hrighler than the\"
had a rear 01' two before. The pendinR l'adiation controllegisla­
tion suggested that "we arc going to see some interest on the
pan of the federal government in deetromaRnetic radiation."
Interest was an ohvious step toward renewl'd support. Fonner
Tri-Service researcher Charles Slisskind from the Univt.'l"sitv of
California. Berkeley, looked f()r this renewed SUppOl"t "in the
very near future.'" His prediction proved correct. Shortly after
PL 90-602 was passed, funding for RF hiocffe('\s research he­
came available again.

In its rush to get legislation on the books to deal with the
perceived en\"il"Onmental nisis of the late 196()s. Congress by
and large ignored organizational pwhlems. Many of the scien­
tists who stood to henefit from the research funds that Wt.'l"C
hou1\(lto f()lIow understood that this situation was not satisfac­
tory. An:onlingly when the Offi(:e of TeleCOll1111UnlcCltions Pol­
icy let it he known that it might he interested in hdping to
t:oordinate RF hioefleds research. the scientific comnllmitv 1"('­

sponded quit·kly. By tate 19liH Pandora a(h"iser Sam Koslm" had
gathered togethn a few colleagues 'and drawn up plans for
an Electromagnetic Radiation l\lanagemel1l ,\(hisOl\" Council
(ERMAC). Within a few months his plans had beell accepled,
and ERMAC's first official meeting was ullln'ned in ]\farch
1969. The principal agenda item at this and most subse(lul'nt
meetings was the f()rmulation of H'comnlClHlations fl,,' a coor­
dinated RF hiocffe("\s researdl program,

ERMAC's memhers wasted lillie timc gelling to the hcall of
the RF hiocfleets problcm: "There appeared to bc gelllTal
agreement that the first order of husiness should he the study
of the IOmW/cm2 radiation limit established within Ihe ll.S. as
compared with the IOJ.LW/cm2 limitation established I" the
Soviet Union." By the thinlmeeting (June 5, 1969). Koslm" was
assigned the task of preparin~a draft of a document <!csn'ihing
ERMAC's aims and objectives. His fil'st draft "genlTated con­
siderable disnlssion with resuhin~ nmstnKtivc (ommcnts.·· A
second draft presented to the fifth ERMAC meeting in Scp-
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tember 19(19 also provoked discussion, and it was completely
revised again. Koslo\"s description of ERMAC's aims and ol~cc­
tives hy this time had heu>lue a proposal for a coordinated
research pro~ram, Aftt'r additional meetings and many cx­
dlanges hy Ieller. ERMi\Cs aims and ohjcetiH's were finally
printed in Ikceml)('r 1~171 as a I'm,l!;mm!i,," COlllmlo! FIN/mll/ag­
IIf/if I'olllliioll o{ Ihl' Fill 'lIml 11I/'111: Tht' AII/'ISIII/'Ilt o! lIiolll,l!:iUlI
1Illwrt!1 o! j\"ollilllli:.illg FlrtlllJllIllgllf'tif nf//lilltillll,~

The plOhlcm-solvin~ framework ERl\( :\C's program estah­
lished was unqucstionablv scientific. Its opcning paragraphs
juxtaposed a compelling disnlssion of the prohlem against "thc
solution-a n.'search pl'ogram," TI1t.~ need for more scientific
research was sketdH'd out in unmincing terms: "Unless ade­
Cluate monitoring and ("(llltn,1 hased on a fllndamental undcr­
standing of biological effccts arc institutcd in the ncar futurc,
in the decades ahead. man may cnter an na of energy pollution
of the cm'ironment comparablc to the chcmical pollution of
today," Critical areas werc singled out lor special allention. It
was argm'd lhat "Ihe conscqlll'nces of ulHlen"aluing or mis­
judging the hiological effects of long-Icnn. low-kH~1 exposure
could hecome a nit ital problem for the puhli(" healt h. especially
il genet ic. clinical. physiological. and heha\"ioraleflccts of de('­
tromagnet ic radiation at powcr densities bdow" 10mWInn:!.
The only wav ont olthe diknlllla posed )\ this situation was
more )"('sea n h, II

From thc need for molt' reseanh. 1·,Rl\I.\(:'s IIH'mhers
turned tIl specific ohjntin·s. idenlihillg lour areas as demand­
ing Ihe mosl altention: long-tenn. low-k\TI studies: epid('miol­
og\: resealch Oil hasic mcchallisms; alld (oonliualiou adi\ities.
In comhination these fOUl aleas con'led themaillelelll(.lIls of
RF "iocllcels lesealch. thelel)\ ellsulillg thaI a wide \"ariety of
projects would he (o\Tled,1 he plogl ;1111 \I;\S plojecled to (0,,1

$li:L,I:l:i.(lOO lor the lilst li\l' \ears,
Similar hload n'(OmIlH.'IHlatioIlS enH'1 gnl 110m ot her quar­

ters ill the bll' 1!lIiOs alld l'ark l!l70s. One illduslrial repre­
seulatin' who ["'oled mOlC Icseanh, Bell Lahs's (;('org('
Wilkellillg, summaril.ed the kclings of his colleagues at th('
I!lIi9 Ridlll1oll(l symposium: "th('re se('ms to h(' unanimous or
almosl unanimous aglceml'nt that Ol1l' of the thill~s Ihat should
he dOlle is to per/111m repeat illsuh t\Ve l'xperim('nts at low
Ien,ls."lli i\ simultaneous plea for I\IOle epi(kmiological data
was made 1)\" Norman "(elles of BRIt. who estimated that l'.S.
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researchers had conducted only one extensive eye study and
three lesser general surveys that covered fewer than 400 indi­
viduals who had had on an average less than three years of
exposure. II Coordination and information on basic mecha­
nisms were universally agreed to be essential. In sum ERMAC's
program succeeded in capturing the feelings of the scientific
community and in translating them into a document that could
be used to establish a broadly based scientific research pro~ram
on RF bioeffects.

The broad, ideal objectives established in ERMAC's program
did not fare well when it came to establishing priorities. Al­
though most researchers agreed in principle that more atten­
tion had to be paid to epidemiology, long-term low-dose
studies, and the like, they seldom were willing to assign high
enough priorities to such studies to get them funded. When
push came to shove, the scientists who advised on RF bioeffects
research retreated to the attitudes that had led to the domi­
nance of thermal thinking in previous decades. These scientist.s
were at home with precise, controlled experiments; they were
not comfortable with effects that lacked causal explanations.
This inevitably narrowed the focus of the RF bioeffects re­
search to controlled animal experiments, theOlctkal modeling.
and a concentration on thermal effects. The old way of think­
ing died hard.

A researcher who typifies this mode of thinking is Sol
Michaelson, who has heen a constant participant ill the advisory
process. Like the rest of his colleagues. he was willing to sketch
out broad research agendas in the late 1960s to get research
funds Howing again. But his ullderlying formuhl for judging
the best research remained selective: "The biological indicators
of microwave response should be easily replicable and the tech­
nique of measuring should not require elaborate equipment.
Microwave induced biological changes should ha\'e a high
probability of occurring. The range of experimental values for
the parameter selected should be well defined and should have
a very poor range of variability. Ideally the range of normal
values ... should be the reference value when evaluating the
pool exposure data."12 Michaelson's thermal experiments pro­
vided the ideal model for this type of experiment. The vari­
able-temperature change-was decisive. easily measurable.
and relatively quick in occurring. Normal temperatures could
be used for establishing a background against which change

/ 49 SeieRct'. Seitnli.lll. (wd ScimCt' Policy

could be measured. Michaelson looked for similar crisp rigor in
other RF bioeffects research. The degree to which experiments
lived up to his expectations determined the extent to which he
recommended their being supported.

The manner in which these attitudes came to dominate RF
bioeffects research and policy is apparent in t.he activities of
ANSI C95 after the adoption of C95.1 in late 1966. The framer
of this first standard. Herman Schwan. began to relinquish con­
trol of ANSI activities in November 1965 when he resigned the
chairmanship of C95. His place was temporarily filled by the
C95 secretary. Glenn Heimer. until a new chairman, Saul Ro­
senthal of the Polytechnic Institute of Brooklyn, was appointed
in June J968. n

Rosenthal took ovel- the chainnanship under difficult cir­
cumstances. At the time Schwan was on sabbatical in Germany
and had left little information behind on how C95.IV had func­
tioned. The records Rosenl hal had were "not complete silKe
there is a jump between 1961 and 1963 from a committee of 14
members headed by Colonel Knauf to a committee of 5 melJl­
bers headed by Dr. Schwan. In addition there seems to have
been an illvoh'ernent with t.he Ulliversity of Miami and that
seems to have disappeared also. In Hl63 there appears some
informatioll on the proposed standanl; however, there was 110

background information on how it was arrived at. "II This situ­
ation was not rectified until the summer of 1970. whell Schwan
hegan allending C95 meetings again and set out for colleagues
his account of the standard-setting process. I:. In the meantime
Rosenthal had 10 hq~ill reassessillg the RF bioeffects problem,
working under the deadline of ANSI's requirelllcIII Ihat its
standards he reevaluatcd cvelY h,'e years,

The illitial reassessmellts 1I11flerlakcII <luring- the first few
years of Rosellthal's chairmanship singled out Iwo key ques­
tions that needed to be addressed. First. the sketchy informa­
tion available to C95 members left little douht that C95.1 was
based heavily, if not exclusively. on data collected prior to and
during the Tri-Sel'vice era. One question that hac! to be an·
swered was whether there was any new informatioll that would
require changing the standard. Second. even if no new data
had surfaced. ANSI members still had to ask whether the data
used to set C95.1 were adequate. If they were not, provisions
would have to be made for undertakin~additional research. If;

ANSI thinking on hoth questiolls was sketched oul briefly by
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Rosenthal in a letter to BRH director John 'vlllforth, comment­
ing on BRH's proposed microwave oven standard. VilIt()J·th
obviously needed to keep abreast of ANSI deliberations since
conflicts between BRH and ANSI standards could cause prob­
lems. In reassuring Villf<mh that ANSI had not changed its
mind and that the proposed oven standard seemed reasonahk',
Rosenthal predicted that "C95 will find that no additional in­
formation has hecome availahle since the presenl slandard was
adopfed Ihat would indicalt' a change i~ warralllt·(I." I lis answer
to Ihe first queslion was Ihal scienlifi<." research had nol discO\­
t'red anything that invalidatt'd Ihe IOIllW/clll:! standard. BUI
Ihat did not mean Ihat the dala hase lIsed in s<"lIing UI5.1-19()f)
was adequate. Rosenlhal characterized this standard, somewhat
paradoxically. as "an excellent one [Ihat] still leaves mlKh to he
desired" because its data base was "deplorable." The oln'ious
conclusion that f()lIowed was that "unless there is a \'igowus
and active program of research directed toward oblaining the
pertinent int(mnation," one could nol be sure of the validit\' of
the standard. 17

To ret:tify this situation, ANSI, like ERMAC, began planning
tor future research from a hroad-hased perspective. Shortly
after Arthur W. (Bill) (;uy took O\'er tilt' dlainnanship of
C95.IV inJuly 1970. ri\'(~ slluly groups were set up "10 idt'ntih
and document Ihe rcqllin'llIt'nls fi,r additional information
needed to modify or improve pl'esenl slandards": Near-Zolle
Field Elle<:ts. chaired hy JollII Osepdlllk (Ra ~l heoll); Fre­
quent:}' EffeclS. chairt·d hy Alhert Kall (Ark Eleclrollics) alld
Sidney Kessler IllS Illformatioll Agellcy); I.llw-Int"! (Athn­
mal) and Moclulatioll Effects, chaired by Allan Frey (Randolll­
line); Emironmenl. chaired by Billl\hllnfilJ"{1 (lkll Telephonc):
and Populalioll Groupings, chail'ed by William l\lills (BRI I). 1><

The nlVera~e heing rccoIJlIlIcnded was comprehensh"e. hut Ihe
m~ority of ANSI mcmbers were not willing to take sleps that
would have prm'ided incentives to expand the base of RF hio­
effects research. Instead Ihev retreated to Ihe safe \\orld of
controlled experimcnls and Ihermal thinking. i~norilJg Ihe
consequt'II<TS Ihis had on Iheir assumed philosoph," of stan­
danl selling.

One person tried 10 change this situation. a figure \\'ho was
himself hecomiug a SOUIH? of contro\"{~rs\'-l\liltollZarel. III a
hrief hut provocalive open lellel' to ANSI IIIcllllx'rs hrillclI ill
Apdl 1970. Zarel recasl lhe langllag<.· and philosoph\ 01 UI:~"I

1,I S,';nll". Stit'III;"I" tlml Sri/'IIn' Polin

in an effort to place a greater burden of proof on Ihose who
belieyed it was adequate. Since general population studies had
nol been ("ondut:led. Zaret pl'Oposcd that tIl(' slandard stale
thai "Ihe recommendations arc not illl('llded 10 apply to the
general puhlic" Similarly he rt'u>mmclllied that pulsed radia­
tioll with peak powers mor<.' Ihan olle hundred limes their an~r­

age alld llonunif(mll lields he excluded. again rdleding Ihe lack
01 data availahle. To CIISIIIT thaI oth<"r potcntial prohlems were
not missed, Z;ll"('( sllggc'iled reqllirillg lhal "\\"hell a radialion
generaling "''itelll cit her is ("<lpahlc of exceedillg Ihe ICCOIII­
lI\CIHlalioll'i or is not adequately defillcd hy Ihis gllidc. tl)('n ...
the IIsn shollid ensll re its saki v hv perlonning appropriate
hilliogicd assay experimcnts." And to avoid prm'iding an image
of ("cnaint\" where none existed. Zarel's linal recollllllelHlation
would have illserted prohabililY illlo the entire slandard by
('hanging the phrase explaining the safely of hel()\\' Ihn'shold
exposures froll\ "will nol" to "is hdien'd 1101 to resnlt in all\"
noli(cable df('ct 1o mankill<l."I'1

f1ad Zan't's proposed ITworkillg 01 C~J:" I heen a(H·ptcd. it
would have changed ANSI's philosophy of siandard setting
alld therein Ihe ac(epled prolocol for RF hiodlects a'search.
The miliclI' and olher lIscrs WOllld han' been compelled to
pllrsnc gCIl(')al populalioll 'itlldics or lell exposed poplIlalions
Ihal they did nllt haY(' Ihl' c\idl'll«' 10 guar;llItee sakl\, Indus­
tn would h;l\(' had 10 lun hioillgil al ;ISS;I\ lests 011 RF c<Juip­
IIIl'lIl hc!(J\e suhjC(lillg \\,ork('ls 10 it. 1101 allcl". ;\~Sl would
han' h;1<1 (0 he SUIl' 01 ils scicrll ifi< illfollna1 ion hdoll' isslling a
film siandani. Ih shilling the burdell of prool. Zaret's pro­
posal \\ollid ha\(' lIIadl' 10Ilg-lellll. IlI\\-dosl'. and epidemiolog­
ict! 'i(wlies a 11('1 CSSil\,

Zaret 1lIlh ullderstood 1he (OIlSel\lll'III('S of hi .. slIggeslion'i:
"I he d leI loll he peak power redlHt iOIl 10 a kn,ljnsliliahk hy
data wOllld he simply to shill the rcspolISihilil\" f(ll persollnel
saktv 10 the user, thai is. 10 lhe lllilitan: to /'I'l/Im'I' the sanction
lhe ;IO({lmCIII now oilers 10 Ihe IISI'" of high pulsed power
ladars, alld (hilS fon(' Ihe IIS('l" to jll'itih hi'i 'i;dl't\ codes of
praltilT 1)\ sllppolling or ('ngagillg ill appropriale rl'seanh."",!11
Indllstrial rl'j>!t'sl'ncltin's, slI<h as .10111I ()sepdlllk and Palll
(:rapllllH'llS (Litton Indllstries) also IIndl'l'iloot! Ihe (onsc­
<Jllell<"C'i 01 1hc proposcd Ch;1I1gl'S ;1I,d arglled \igoroush
agaillst Ihem: "I\[osl mililar\" radars han' dllt\ cycles lIear .001,
or pcak po\\'er'i IIcar 1000 lillles an-rage, Sll lhal Ihe n·\'ised
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document would no longer apply, Also, if consumer products
utilizing microwave power became widely used, the document
would not apply there either. So where would it apply, and
wouldn't this restrict the document into uselessness?"21 Zaret
was unmoved by such seemingly pragmatic arguments. If the
miJitary had to change its defense plans as a result, so be it; but
necessity, at least not Zaret's version of necessity, did not rule
the day,

Zaret's proposal for revising C95.1 was circulated, criticized,
and rejected. In rejecting Zaret's suggestions, ANSI members
permitted their recommended research program to remain
squarely in the tradition set in the 1930s and f()Howed after
World War II. The final report of ANSI's study groups, "Re­
search Needed for Setting of Realistic Safety Standards" (Au­
gust I, 1972), mentioned, but suggested no practical means for
resolving, the old problem of occupational versus general
population exposure.22 The least developed sections of the re­
port were those that dealt with population groupings and the
environment. This all but assured that in the years to come,
little serious attention would be given to epidemiological stud­
ies or long-term, low-level experiments. Instead the dominant
notes struck in the study group report were measure, calculate,
and replicate, mostly within the context of animal experiments
and for the purpose of learning more about basic mechanisms.
This is the course most RF bioeffecls research would follow
throughout the remainder of the 1970s and into the 19R()s,

Inconsistencies mId Bimf\

The emphasis placed on controlled animal experiment was not
without justification. Knowledge of the precise mechanism for
RF-tissue interaction could be useful when making decisions on
exposure standards. This is precisely the sort of information
BRH and others were seeking in the late 1960s when they
turned to the scientific community for help.

The research plan adopted in the 1970s, however, had inter­
nal problems. To begin with, few persons asked whether the
research goals that had been established were achievable. Time
is needed to solve complex scientific problems. In this partinl­
lar case the possibility existed that RF bioeffects might be de­
pendent on frequency and on tissue type, thus opening the way
for thousands of different interactions. In addition RF biod-
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feets researchers were studying operations within the body that
themselves were not fully understood. Given these complica­
tions, there was no guarantee of success. The $63 million being
asked of government could have been a down payment on a
product that could not be delivered. Recognition of this possi­
bility in the early I~17()s might have prevented some of the
apologizing that had to he done in the late 1970s when Con­
gress began to wonder why the problem had not been solved.

More important, the product that the scientific community
has to offer, scientific information, depends heavily on the in­
tegrity of the scientific process. Scientific information is reliable
only if the methods used to derive it and the scientists who
interpret it are reliable. Scientific facts do not emeq{e apart
from process.

The scientific process followed in the RF bioeffects field has
been reliable for the most part. Researchers have subdivided
the main problem-how RF radiation affects living tissue­
into subproblems, designed experiments to solve the subproh­
lems, condll(~ted these experiments, and thereby assembled a
significant body of information on RF bioeffects. But the re­
search process has not been above reproach. Over the years
individual biases and inconsistencies have raised questions
about the integrity of the entire field. Some examples follow.

Radar Death
In March J~1f)4 a forty-two-year-old man walked in front of a
transmitting radar installation. Within senmds he lelt intel'llal
warming and quickly mO\'('(\' Thirty minutes alter the initial
exposure he expericm:cd "anlte abdominal pain and vomited."
An hour later he was admitted to a hospital and within six
hours had his appendix removed. Re(oH'ry from the operation
did not proceed normally. Eleven days latel the paticnl died of
complications. A possible cause of death accordillg to John
£t.kLaughlill, an attending physician. was "tissue destrll<:tion ...
from microwave radiation (radar),":!~\

McLaughlin's diagnosis ITstcd on sen'ral considerations.
During the first operation physicians ohsened thai "the entirc
parietal alld visceral pt>ritollculJI werc dusky red ami the por­
tion of the small bowel I hat could he seen was beefy ill color:'
indi(-atiolls Ihal Ihe orgalls ill the paticllt's hodv cavity could
have bet'JI "cooked." Moreover the gross appearance and prog­
ress of ,his patient's illness seemed to follow paHertls seen ill
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conclusions have the weight of science behind them. Whatever
his motivations the fact remains that Michaelson's scientific
analysis of the radar death case was not reliable. Insofar as he
has been willing to go beyond fact and interject his own inter­
pretations into, the scientific process, his credibility and the
credibility of those who support him has legitimately heen
called into question.

This does not mean that the J954 accident was a case of radar
death. The exposure may have been unrelated to the death; it
may have been a secondary causal factor, aggravating a preex­
isting minor case of appendicitis, or it may have been instru­
mental in the death. Until more information is collected, this
case will remain unsolved. To argue otherwise is not consistent
with rigorous scientific thinking.

Epidemiology
Lack of critical scientific thinking has also played a m<yor role ill
shaping attitudes toward epidemiological studies, surveys of
the health of human populations. In principle epidemiological
studies are deceptively simple, making it difficult for the public
to understand why they have been so neglected. Their main
objective is to discover whether select popul"t!ons that have
been exposed to some factor, such as RF I'adiation, are (retro­
spective) or will be (prospective) as healthy as similar J>flpula­
tions that have not been exposed. If such studies are cardull\'
controlled so that there is only one m'tior variable, then differ­
ences in health can be linked to that factor or, COII\'c.-sch', Ihe
lack of differelKes can be used to suggest safety.

In practice epidemiological studies are never this straightfor­
ward. Working populations are usually exposed to many vari­
ables. Their exposure to anyone variable, such as RF radiation,
is difficult to quantify. It is difficult to identify stable popula­
tions that are large enough to permit the detection of subtle
effects. Surveying the health of large populations is time­
consuming and expensive. The detection of a moderate effect
that takes fifteen years to develop could require monitoring the
health of thousands of persons for half their lifetimes.

Despite these difficulties, it has long been recognized that the
health of populations routinely exposed to higher than normal
amounts of RF radiation should be monitored, Such studies
were recommended and carried out at the height of World War
II. Epidemiologkal studies were singled out as important at the
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1953 navy conference. The need for more epidemiological
studies was included in ERMAC's J97 J program, in a 1978
report prepared for the Office of Science and Technology Pol­
icy, and in more recent surveys of ongoing research needs.

These calls f(lr more epidemiological studies have not been
f(lllowed fin Ihe most part. In all only ahout a dozen sudl
studies have ht'en undertaken in the lJnited States over the past
f(lrly years.'\~ In addilion lJ ,5, researchers have been unwilling
to accept the epidemiological data colle<.:ted in the Us..'iR and East
European oJulllries in Ihe course of monitoring the health of
workers. The fact that workers ill these fountries who have
been exposed to RF radiation often complain of headaches,
dizziness, loss of memory. and other ast henic cOlldit iOlls has 1101

been regarded as significant in the lJ nited Statt~s. primarily
because of the unnmtrolled manner in which this information
has been collected and reported. Philosophkally U.S. scientists
have not bccn prepared to believe that alleged RF bioeffects
exist until they can be unamhiguously tied 10 RF exposure.

There has been inconsistency ill this attitude. however. U.S,
resean'hers have heen most demanding when deciding whether
effects tentatively identified in epidemiological studies are sig­
nificant. Typically the reseanh pattem f(lllowed has been to
keep chc('king and redlccking until possihle causes fiu' Hlllcerll
hav(' been dismisscd in some way, T('sts cotl<lude<! by the navy
during World War (I wn(' ended when a super/idal analysis of
the dala suggestcd no m,~j()r effects, A mid-I ~)!)O survey of
Lo('khced workers was n:pcaled whclI hlood allllonnalitit's
were f(Hlnd alJ(ltcnninalcd whcn the ahnonnalilics supposedl\'
were Iraced 10 an expcrimental ('rror. An amhilious eye S(TeCn­
ing program begull during Ihe Tri-Sel'\'icl' era was cnded when
it was cOlldudcd Ihal Ihe diflelTllces lhal "'{'J'(: found-a
higher Pt'I,(,(~lltageof minor JellS dekds ill ex pos{'d wOIkers­
were of no clinical significance. A mid-19tlOs birth defect study
conducted iJl Ihe Baltimore area was rerun wht'll conelations
between radar ami Down's svndrome emerged; the study was
terminated when the correlaiion disappeared on doser statisti­
(:al analysis, A similar course of c\'ents took pla<.'(' f(l//owing
inilial reports of high numbers of omgenilal abnormalities in
the Fort Rucker area. also in the laIc 19t1Os. Two ambitious
studies ulldertakcn ill the Iale 1970s, onc suneyillg a popula­
tion of Korean War veterans and the other looking I'OJ' possihle
advcr'se effecls among Moscow emhass\' personllel, were hOlh
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terminated when the initial results turned up no apparent cor­
relations between exposure and effects.33

In all of these studies critical analysis uncovered reasons to
question the possible effects discovered, leading to the conclu­
sion that epidemiological studies had not proved that exposure
to RF radiation is hazardous; however, critical analysis did not
then continuc in an effort to determine whether conclusions
could be reached about safety. Although the researchers who
have conducted the epidemiological studies have consistently
pointed out weaknesses in their work that could have allowed
effects to slip through undetected, these weaknesses have not
bcen given the same attention as the shortcomings in the
methods used to discover effects. The most recent example of
this inconsistcnt use of scientific rigor can be '(mnd in a 197(;­
1Y78 epidemiological survey of the health of the population
exposed to the Moscow signal.

Shortly after the Moscow embassy problem became puhlic in
early 1976, State Department officials decided to (Iudl public
fears by asking an independent researcher, Dr. Abraham Lil­
lienfeld ofJohns Hopkins, to survey the Moscow population '()r
possible health effects. From the start Lillienldd's study had
problems. Personnel lists were difficult to assemble. (The Slate
Department does not publish embassy directories in sensitive
areas.) Government agencies such as the CIA and Ikpartment
of Defense were reluctan! to provide information on their 1'<''1'­
sonnel. Data on the signal were not made available so Ihose
having the highest cxposure could nol be isolated. Emhassy
personnel were slow in "cspouding to questionnaires. vel the
State Department insistc:1 that a rigorous time schedule be
maintained. In all, tlte Foreign Service Health Status Stud~'

(FSHSS), as the Moscow survey came to be called. did not pro­
ceed undel' ideal conditions. Ev('n so data were collected.

The FSHSS data confirmed the State Depanmelll"s conten­
tion that the Moscow signal was not causing immediate health
problems. Embassy personnel apparently were not dying any
faster or contracting more illnesses then their control counter­
parts (personnel in other East European embassies). But it he­
came apparent that the study was not sensitive enough to
discover anything but immediate Imyor effects. No conclusions
could be drawn from the discovery that "the proportion of
cancer deaths was higher in female employees" because of the
smallnumher of deaths. The difference between exposed and
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controlled populations was about two deaths. Similarly no long­
term conclusions could be drawn because "the group with the
highest exposure to microwaves, those who were present at the
Moscow embassy during the period from June 1975 to Febru­
ary )976, had had only a short time 1'01' any effects to appear."
This study, like so many other epidemiological studies, was not
sensitive ('nough to allow firm conclusions to hc drawn ahout
effe<.'ts or safety.:I'

Such weaknesses might have been corrected by impl'Oving
the scientific process. following the pattern set in studies re­
porting eflects. This step was contemplaled by ERMAC mem­
bers in mid-1981 and rejected. The population and the
exposure informal ion were judged inadequate f()r pursuing a
mon' detailed study; therefore the dala could not he ,dilH'd,
making it intellectually unjustifiahle to spend more money on
the pn~ect.:v.Titus ambiguities would remain. Correlations be­
tween RF exposure and health effens had not hecn J>n>ved but
neither had they been disproved.

Memhers of the sdentific communily have not heen consis­
tent in reponing the inconclusiveness of the FSHSS to tlte
public State Department adviser Herb Pollack has routinely
relied on the FSHSS to assure audielKes that long-IeI'm expo­
sure is 1101 harmful. A paper he presellted in I~IH(). after dis­
cussing all of the measurements Ihal failed to turn up
significant differences. concluded Ihat "no convincing cvidence
was discovered !hat would directly implicate the exposure to
microwave radiation experit'll<ed I" the emplo\('('s at Ill(' !\.Ios­
cow emhassy in thc causation of allY adn'l se health effects as of
the time of this analysis:' Pollack did not pn>\'ide his audience
with the same critical analvsis of this conclnsion tklt appeared
in the report itsdL'\l;

All en'lI lIIore hlatant nq~I('(1 of qnalifyin~statemellts enl he
found in an cn\'ironmental impact stalement (ElS) prepared in
the Bainbridge Island uplink case. (The EIS was prepared hy
scientists and intended to be used by gm'enllJlent and the
public when making decisions about the proposed uplink f;\cil­
ity.) After describing the FSHSS and noting that "researchers
found no ,diable differences between health slalllS records of
the l\loscow embass}' pe,"solmel and the conlrol group." Ihe
nmclusion was reached thai "lhese findings indicate that there
is no danger from continuous exposure to microwave radiation
at levels helow 15 lllicrowalls/cm:.?:·:'7 This stat<'lllcnt nol only



160 Tht Pub1k Years, 1967' 10 the Present

ignores the qualifying remarks included in the FSHSS but also
presents conclusions that were not drawn and could not have
been drawn on the basis of the available evidence.

Such one-sided reporting pervades other portions of the dis­
cussion of epidemiological studies in the Bainbridge Island
EIS. After expressing the usual methodological reservations
about USSR and East European research, the authors of the
EIS accept without question a recent summary of USSR and
East European epidemiological studies delivered in absentia by
a Czechoslovakian researcher in 1981: the relevaru.-e of the
summarized studies is that they are said to "imply that there is
no danger to [sic] continuous exposure to microwave radiation
levels of IOILW/nn2 and below." This in turn supports the con­
tention that "there are no substantial data from epidemiological
studies to suggest that adverse health effects seen in lahoratory
animals have occurred in human populations:':'H

Why this particular survey has been accepted when other
USSR and East European surveys are rejected is not explained.
Neither is it explained why the attention of readers is drawn
only to studies that found no effects when the summary men­
tioned as well studies that found effects. The Czechoslovakian
researcher presenting the summary, Jana Pazderova-Vejillp­
kova, had not observed differences in most health tl'sts run on
exposed and unexposed l'adio station employees, but she did
find "a reliable difference in [the] variability of the l'esJ)()nse to
the glucose-tolerance test." Another paper she mentioned re­
ported "no difference in the morphological character of len­
ticular opacities of exposed and unexposed populations of
men," but the same paper offered "the view that long-term
exposure to microwaves at power densities below cataracto­
genic levels can accelerate the natural aging process of the
lens." The selective use of data illustrated by these examples
hardly seems consistent with a final goal set out in the Paz­
derova-Vejlupkova paper: "My plea is for adherence to the
principle of objectivity:':'!!

Admittedly the Bainbridge Island EIS is a particularly hiased
document and could be dismissed if it had as quickly been
dismissed by the scientific community as McLaughlin's radar
death article. But this has not happened. Critics of the way RF
bioeftects research has been conducted have oflt-red com­
ments, but not the broader scientific community that wants the
public to accept its judgments about RF bioeffccts. llI While be-
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ing rigorous in its criteria for accepting effects or hazards, this
community has ignored its own ambivalence toward epidemio­
logical studies and the misuse of them by some of its members.
The result of this situation has been a further erosion of the
credibility of the scientific community, as viewed from the pub-

lic's perspeeti\'C.

l\(icnJ1l'(/l'I' Calam(/.I
Epidemiological studies and data on indi\idual deaths al'e con-
tn)\,ersial by nat ure; neither can be cont rolled easily, and
neither routinely leads to firm conclusions. The RF biocfTects
community is not alone in the problems it has had in dealing
with these aspects of science. Hut the bioeffects dehate has not
been limited to the softl~r aspects of science. Contrm'ersy has
arisen ovcr RF biodlects that are known to exist, such as the RF
or, as it is more commonly called, the miuowave catanK!.

By the mid-1960s, it was commonly felt that the threshold for
cataract formation was about IOOmW/cm2

, a figure easily ex­
plained using standard thermal mechanisms: exposure at
IOOmW/cm2 was known to l"aUSe heating, and the eye is known
to be paniculady susceptihle to overheating. The microwavc
cataract came to be \I\H.It'rstood as a thernial iujury that 0<:­

<.'uned whcn lhc eyc is cxposcd to thtTmal doscs of RF

radiati()n.
Scientific opinion was not unanimous on this suhject, how-

ever. Russell Carpenter disco\'l'lcd that a single 2HlhnWIcm
2

dose administcred to rahbits for three minutes did not prodlKc
cataralts. The same dose produced GIl;I\;l<ts if administered
once daily for three or four consecutin' days. It did not pro­
duce cataracts if the interval het wecn exposurcs was cxtended
from daily to weekly, kading Carpenter to suggest that single
dOSl~S that were not cataractogeni<' «'aIaract producing) n)tlld
produce minor effects that could aCl'll\nulatc and lead to

cataract formation if sufficient rl'l'o\'en time were not allowed
belween exposures. PutmOl'e simpl\', his experimcnts led to the
conclusion that cataracts mighl be a cumulalive RF bioeffecl.
Subseqllent failure to find consistent cOlTdations with tempera­
ture rise led to the further suggestion that nonthennal causes
might be involved as wdl."

<:arpellter's hreak with the thelln;" intl'rprctatioll of Illino-
wave cataracts met with oppositioll. III a \,t'\'icw anidc puh­
lished ill 1972. Mkhaelsoll niticized Carpelltel'\ usc of tht'
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term cumulative. As far as Michaelson was concerned, cumula­
tive damage occurred only when each exposure produced ir­
reparable damage. Carpenter's experiments suggested that the
damage was not irreparable since the rabbit's eyes apparently
were able to return to normal in a few days, thus explainill~ the
absence of injury with the weekly exposure schedule. 12 A year
later, in his review paper submitted to the) 973 Senate hear­
ings, Michaelson mClde this point more strongly: "It is utterly
incongruous that all important concept such as cumulative ef­
fect of microwaves should be based on such scanty data....
Any scientist can readily see how inappropriate it is to use such
inadequate data as a basis for any meaningful analysis." As was
his custom Michaelson used the lack of convincing evidence as
grounds fllr total rejection: "Since it has not been conclusively
shown, the suggestion of cumulative effects of microwave expo­
sure is untenable.,,1:\

When Michaelson issued this assessment, more was at stake
thCln Carpenter's cautious excursion into unorthodox thinking.
By the time of the second round of Senate headngs, Milton
Zaret had advanced a microwave cataract theory that not only
challenged orthodox thinking but opened the door to wide
criticism of prevailing RF bioeffects policy. In the minds of
some, Zaret's views went beyond heterodoxy to heresy and had
to be treated accordingly.

The broad outline of Zarct's microwave cataract thcOJ) is
fairly simple, if somewhat vague. In essence he has repeatedly
claimed that long-term, low-level exposure to RF radiation can
cause cataraclS: "Chronic microwave cataract develops slowly
over a period measured in years and follows repeated irradia­
tion at nonthermal intensities; it presents dinicalIy as a gradual
degradation of the lens capsuJe, without any evidelKe of bUrt!,
and resembles a delayed radiational e{fect.,,·I! The distin­
guishing feature of a chronic microwave cataract, in compari­
son to a thermal minowave cataract, is its location in the eye.
Thermal microwave cataracts form in the rear of the lens;
chronic (alhennal) microwave cataracts, according to Zaret,
fllrm in the capsule covering the rear of the lens. The posterior
lens capsule. Zaret argues, is gradually clouded by continuous
RF exposure, leading to the opacification that chal'acterizes a
cataract. The opacifj('ation may, in Zaret's view, eventually af­
fect the lens propel', but it begills in the capsule. This distin­
guishing place of origin, along with some knowledge of prior
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health, allows Zaret to recognize a cataract as a chronic micro­
wave cataract.

The response to Zaret's microwave cataract theory was cool at
best, and as long as it was not taken seriously, no one seemed
particularly concerned. But as soon as his theory was cited as
evidence for low-level effens, it quickly hecame the tar~et of
attack. An attempt by Leo Birenhaum in 1972 to use one of
Zaret's eye surn'ys to question Michaelson's contention that to
datc there had heen little inlimllation on il~jllry bmught forth
the familiar e1ahoration of the shortcomings of such surveys. F.

Two years later a concerted campaign to dismiss Zal'ct's micro­
wave cataract theory was mounted following the puhlication of
a case study in which Zaret potentially linked cataracts in a fifty­
one-rear-old woman to an alle~edly Llllity minowav<.' oven. Iii
The case study aroused particular concern in the industrial
sector of the RF bioeflects comnlllllity, which at the time was
grappling with the prohlem of growin~ puhlic distrust of RF
tedlllology. The hiased rcsponses that follow('d ag;,in under­
mined the credihility of the scientific process.

Zaret's 1974 repOl't was sevtTdy criticized by Michaelson,
Raytheon spokesman John Osepchuk, Budd Appleton of the
air force, Russell Carpenter, and Harvard ophthalmologist
David Donaldsoll fi>r suggesting that exposure at levels below
the ANSI standard could cause injury. "As to Ihe amount of
radiation," noted Donaldson, "t he incident power is well within
the safe limits as specified by the ANSI UI!J exposure stan­
danl." 17 Appleton was so con\·inced of the safety of the slan­
danl that he was nol U>lHClIICd nTn wilh faulty mTns: "l\Ian\
people ill the United Stales have J>unhased lI1inowaw~ OW'lIS;

man v thousands of these appliances an.' nO\\ heing IIsl'd in
American homes. "robah" SOll1l' of thelll leak in excess of the
standard unTent Iy used ... , Then' is mount ing l',·idcnlt' I hat
the standard cOllld safely be raised, and although lhcrl' is not
much pressure to raise this standard. exposures ill excess of it
are being viewed with progressively less alarm." I~ These argu­
ments had no bearing on Zaret's argulllellts since he was in part
reponing the case as cvidence for reconsidering the '·alidil>· of
the ANSI standard. To n:iect his arguments on the basis of that
standard and not on the hasis of scicntific e,·idellc(' represented
a classic exercise in circular reasoning.

The manner in which Zaret"s nitics handled the scientific
arguments in the 1974 report was 110t much hetter. Rather than
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trying to understand the case as presented, the facts were dis­
torted and misrepresented in an effort to undermine the con­
nection to RF exposure. Thus, the phrase "her near vision was
becoming blurred [in 1961)" was rephrased by Michaelson and
Osepchuk as "blurred vision," noting that this symptom ap­
peared five years befc)re the patient had purchased her micro­
wave oven. The point of the critique based on the reworded
diagnosis was to suggest that cataracts could have been forming
in advance of the purchase of the oven. The point of the origi­
nal diagnosis, which Michaelson and Osepchuk ignored, was to
establish that the woman's eyes were examined and reported to
be healthy in 1961 except for the very common condition of
Ilearsightedness.'I!'

Michaelson and Osepchuk also faulted Zaret for connccting
this case to RF exposure when he was certain that only one of
the cataracts was a microwave cataract: "It is incongruous fe)r
the author to definitely state that there was a 'microwave
cataract' in the left eye. and fen the right eye a microwave
cataract is presumptive. It seems obvious that, if this were in­
deed a radiant energy-induced cataract, both eyes without
question or neither eye would have had it, unless this particular
patient always checked her 'leaky' oven with one eyc and not
the other. "511 The logic of this critique is correct: the f~lcis are
incorrect. If the paticnt had unife)rm exposure. then hilateral
cataracts would be expected; however, Z<lret's diagllosis of the
Gltaract in the right eye as prcsumptive in no wa)' sug~('st('d

that it was not a microwave cataract. He simply did not know
whether it was or was lIot because the cataract had heell re­
moved by another physician before Zaret examined the patient.
Thus he had to prcsume rather than conclude, a fan Michac/­
son and Osepchuk ignored in their "ersion of the case.

Similar biased analyses go hand in hand with legitimate res­
ervations throughout the remainder of the replies to Zaret's
1974 report. Ultimately all of Zaret's critics adopted thc tradi­
tional position: none was sure what the cause of the cataracts
was, but each was sure that the oven was innocent. To ask that
scientists supposedly interested in RF bioeffects think further
about this case. especially in the light of the fact that cause
could not be assigned. was considered a heresy: "the {'ause and
effect relationship [Zarct described] is totallr unfounded ami
represents an erroneous and dangerous conclusion." Zaret was
not given the benefit of the doubt cven though he listed his
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diagnosis as an "impression" and not a "conclusion." No one
was willing to take sedously the cautious assessment of New
York ophthalmologist George Merriam. which was mislead­
ingly said to oppose Zaret: "As you can appreciate, it is impos­
sible to say with absolute certainty that the case reported was or
was not due 10 mkrowave cxposure.""1

This conclusion can basically be applied to the general state
of Zaret's microwave cataract theory. Claims are frequently
made that other physicians have looked at some of Zarct's pa­
tients and becn unable to see the so-called capsular ali<I in­
cipicnt capsular cataracts. Such checks hav(' n{'vcr been nm
under controlled cOllditions, and the results havc not been pub­
lished. The IIt'gative results simply circulatc as folklore among
those who are convinced that Zarct is wrong. The air finn:: did
conduct an eye survey in the early 1970s, but the puhlished
accounts of these studies. which claim IlO effects. arc too vaguc
to allow them to be used for evidellce. ';:1 Zaret's work has been
tested in the courts hy lawynsc':1 but not in the lahoratory by
scientists, a fact that compelled the authors of the Bainbridge
island EIS to conclude in the midst of their uitidsm or Zaret's
work under jourllalistic coverage: "There is still 110 consensus
011 the validity of Zaret's theory.""" Such conscllsus wiJlnot be
fill,t hcoming until the hiast's against Zaret arc dropped amI his
work acn'pted or rejcncd on thc hasis of objenin', scicntific
anal\'Sis.

!)olit;n (// ,)111'/11/'

These iuslances of biases and ilHllnsislclHies rdlt.TI a decp­
sealed problcm thal plays a 1II;~jor IOIe in scient ilic dc\'t~lop­

IIIcnt: thc politics of science. Sc it." II IisIs are Illll imlllllllt' III sodal.
economic. ami political pressures. (;aillill~ suppol'l lill re­
search. gelling articles publishcd, reu'i,'ing promotions. gCllin~
elected to important offices, heing asked to a(kise Oil goverll­
ment panels. to testify at headngs. or 10 consult on legal cases­
all of the activities of scicnce other thall working ill the
laboratory and thinking-bring scicnlists 1;1('(' to face wilh
mallY different pressures. They must lin' lip to the standards
set by peers, meet the expt'ctations III emplo\'{Ts. 1)(,' ahle to gain
nalional and international respec\, and so OIl. As long as sciell­
tists and society take care to keep Ihe larger system that sup­
ports scicncc from influencing the wa\' scieucc is ('()JJdu('ted.

I ,&
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politicization is not a major problem. When care is not taken to
keep politics out of science, biases, inconsistencies, and other
detrimental consequences can result. Two additional examples
from RF bioeffects research illustrate how external pressure
can be brought to bear on science.

l,ollg-Term, LOlI,-LeI/f,1 EJIer{s
In September 1978 Bill Guy of the University of WashillJ{ton
signed a contract with the air force agreeing to plan a long­
tt'nn, low-level RF bioeffects expel"imenl."" Despite persistent
(';llIs f(H" such st uclies, nOlle had previously heen conducted in
the United States, leaving the air f()n.:e in a difficult situation.
Radar installations arc sources of long-term, low-level expo­
sure. By the late 1970s the public was more and more de­
manding that the air f()rce explain how it could be sure that
its radar facilities were not hazardous if long-term, low-level
studies had not been conducted. In response the air force
made the decision to fund such a study and turned to (;uy
for help.

The expense and uniqueness of the pn~jected study placed
special demands on the scientific process. The full project.
from planning thrOlIJ{h experimentation to final reports. was
slated to I"un about six years and cost dose to $2 million. Plans
called f()r HInning over thirty tests on 200 rats (I (10 exposed
and 100 ("(mtml) from shortly after hirth to death.'i'; <:in'n the
limited resources availahle fin RF hioc/leels research. the likeli­
hood of a similar test heing nm in the Ill'ar future was H.'lIlotC.
Theref{)J"e this experimcnt had to he as rigorous as possihle and
above niticism if it were to he of any use. To spend tltis extraor­
dinary amount of money-ten times the amount for surveving
the health of the 4000 employees ill the Moscow embassy sludy
or $10,000 per rat compared to $100 per State DeparlllH.'nl
employee-on an experiment that had flaws would have heell a
tragic mistake.

Hy late 1979 euy"s research team hegall reporting Oil the
experimental procedures that were to ue adopted in the full
200-rat study (phase II). Their plans raised questions. It was
well known hy this time. as (;uy himself had argued, that hchay­
ioral measures were the most sensitive indicators of RF hiod­
feets and yet he made no mention of behavioral measures when
he published a plan {()J' the full study in the January issue of the
IEEE Pm(N'ding~. Since this article reportedly descrihed all of
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the biological end points that would be used in phase II, the
conclusion seemed to follow that behavioral measures were he­
ing ignored.57

This omission troubled independent researcher Allan Frey,
who had been studying behavioral and neurological RF bioef­
feets for m'el' twenty yeal"s. To find Ollt mon.. ahout Guy's sludy.
Frey wrote to an official at the National TciecommlJl\ications
and Inf{)rmation Administration, Rohert Frazier. As executive
seuetaq' of ERMAC, Frazier was usually well informed on
current research developments. The information he sent in
reply did lIot mitigate Frey's COlteerns. On June 9. 1~IH(). Frey
responded with a detailed niti<l"e of the proposed long-term.
low-level sludy. calling into question the motivations of key
memhers of the RF hioeffects community.

Frey ohjected to more than the ahsence of hehavioral tests;
he was concerned ahout the proposed use of pathogen-free
animals. A uni<lue population would not allow eXllapolation
"to the general population of rats. milch less man." He re­
garded the "minimum stress" argument IIsed tojuslify the use
of pathogen-free animals as "a joke": "Can they really helieve
that a rat catching a cold. etc. is more stresshtlthan technicians
repeatedly sticking needl<:s into the animals 10 get hlood sam­
ples?" Frey was not cOII\"illced thal the hnl"elKY heing IIsed
was appropriate. AmI he felt that lilll<: would he learned ahout
two important measures. nen"ous system function and im­
mlJl\()log\. Most important he ohjected lo the fact that the
strengths and weaknesses of (~IIY"s slll<I\ had not heen dehated
hy the scientific commllnity: "Is tlH.'It' an\' wonder some mem­
bers of the media helien' that there are conspiracies afoot?
'Won't our scientific community'S lack of protcst he construed as
tacit complicity in a conspiracy? What can wc as memhcI"s of the
scientific communi,y offer as a ddl.'lIs<·-- the :-.Jurcml)('rg De­
f('nse? If so. we'II also (figuratin>ly) hang~"-'l'<

Such criticisms did not produce OpCIl dehate; planning for
the full 200·rat sludy remained undn the cont 1"01 of (~uy 's lah
and his air fon:e sponsors. BUl changes \\TIT made in the re­
search design as the sludy progressed. The request for pro­
posal issued hy the air force prior 10 grallling the contracl for
the c;econd experimental phase of the pn~jccl lisled hehavior
and evaluation of the immune system as 1\\"0 "parameters 10 be
measured..···'· Both meaSllJ"es were included in the filII sludy.
which hegan Oil September J. 19HO.
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Frey still had reservations. The behavioral study included in
the full experiment was an open-field te~t, a straightforward
measure of routine activity. Every six weeks the rats were to be
placed, one by one, in a cage designed to measure movement.
The cage was divided into squares, each with a photoelectric
detection system attached. As the rats moved from square 10

square, they disturbed the photoelectric system. Each UH>IIi­
tored disturbance was fed into a computer and l'ecorded as a
meaSUl'e of the I"<ICS activity. Comparisons of the lolaI Illove­
ments of exposed versus control rats during one three-minute
test session every six weeks formed the data that were used for
making judgments about possible behavioral effects. fill

The addition of the open field test raised new concerns in
Frey's mind. At an October 1982 conference I organized to
discuss the applicability of risk-benefit analysis to the RF bioef­
feets field, Frey argued that the open field test was one of the
least sensitive behavioral measures that could have heen dlO­
sen, a view shared by another conference participant, Rochelle
Medici, who specialized in studying behavioral effects. If this
were the case, then the questions about research ethks re­
mained. Was it unreasonable for the public to helieve, Frey
asked, "that microwave bioeffects research is at present being
channeled to look in the wrong place for effects and .. , thaI the
decisions that have led to this state of affairs were not made in
the spirit of science?"'" Was polilics enlering inlo RF hiodfecls
research?

(~uy's respolls{' to Frey did not resolve the elhical plOhlellls
raised. In denying that Frey's criticisllls had played a role ill
shaping thc final sludy, (;uy slated that he "did lIot selcu Ihe
endpoints" for his study. 'These were selected in the. " . state­
ment of work ("(mlaincd in the Request for Proposals (RFP)
disscminated by the Air hll"Cl~." In other words Guy deflcued
Frey's criticism hy shifting the responsibility f(n' planning from
himself to his air f(nce sponsors. In Frey's view this did not
absolve Guy from responsibility. "Why," Frey queried in a fol­
low-up comment, "did Guy take on a pn1ect which involved Ihe
expenditure of approximately $1.5 million of public funds wilh
the known n-itkal lesls ruled out by the sponsor .. , ? Is Ihis
science?"'i~

Guy did not agree that known critical tests had heen omillcd
from his study. From his perspective "the behavioral endpoint
most sensitive to hili' {(,l'r{ ('humic microwave exposure, as re-
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ported by Professor Shandala, who is responsihle for the Soviet
microwave exposure standard f(>r the general population. was
incorporated into the research plan."6:~This claim is debatable.
There are significant differences between Guy's work and the
experiments of his Soviet colleague. til But even if this problem
were ovnlooked, Frey's basic question still remained: Was it
appropriale for the agency seeking scientific advice 10 sde<'t the
cnd poiuts that were useo in the study?

TI1l' formativc role the air fonT played in (~IlY's stndy is not
an exception, During the Tri-Servicc na mosl decisiolls ahout
the future of RF bioellects research were made hy the milital"y
or withill nmtexts OVl~rseen by the military. Much the same
support struclure was retained in the J9()()s, adding the Slate
Department ami intdligellCe communities. Evcn after the in­
jectiollof puhlic interests ill Ihe late I960s, thc majority of sup­
port for RF hiocflects research still came from the military.
Throughollt Ihe I970s approximalely two of every three n~­

search dollars spellt on RF hioeflects research can be traced to
the navy. air force, or army.'i" And with this support inc\'itahly
came ('ont 1'01.

B{ood-nlllill Bonin 1~:tJi'(fS

In I9i5 Frev advanced the hypol hesis that low-level RF expo­
sllre (helow 10mW/un:!) can disturh the harriet that regulatcs
Ihe exchange of suhstances helween the hlood and hrain tissue.
This blood-brain halTicr is nilkal for keeping the hrain's t'11\'i­
rOIlIlH'nt sfahle and operatillg nonnally. His In-pothcsis was
hased on a deceplin'Jv simple experiment in which alll~s­

thetizt'd rats were irradiaft,d with low-len" RF radiation (CW
and pulsed), injecled wilh a fluorescein dve. and sanifin'd. The
brains of the rats were then serlioned and examined under
ultra\'iolel lighl fill' f1uorl'Sn'!IIT. (:omparisons of exposed \"CT­

sus control rats turncdup signifit'antly more f1uon'SlT1H:C in the
hrain sections of the exposed rats, a result that led Frey to
fonjecturc that low-level RF exposure might (';I\ISC the bloocl­
brain harrier to leak.'i';

Additional work Oil this ellen was soon (,;llTied out by otlw[
rcsean-hers, and preliminary reports tenlatin'ly confirmed
Frey's original hypothesis, A (~eorge Washington Univt'l"sily
rcsearchet. Enl('sl Albert, using horseradish-peroxidase pl'O­
lein Ir<teet instead of fluorescein, found that JOIllW/nn 2 radia­
tion caused inn-eased barrier permeahility in hoth rats and
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hamsters. Kenneth Oscar and Daryl Hawkins, two army bio­
medical researchers, used radioisotope techniques and came up
with similar results. Thus by mid-I977, the blood-brain barrier
effect had tentatively been confirmed through three fairly in­
dependent lines of research."7

The reported discovery of this effect met with mixed reac­
tion, Basic research sdentists, such as Frey and Albert, were
interested in the effect as a possible explanation for behavioral
effects. Frey was dearly searching for mechanisms to explain
behavioral effects when he began his work. However, from a
policy standpoint, barrier effects posed problems, particularly
if they occurred at exposure levels below IOmW/cm2. Changes
in the barrier. or in related phenomena such as blood How in
the brain, as a result of exposure at a presumed safe level could
not be dismissed as trivial.

The process of assessing these consequences and deciding
what to do began in military circles. In April 19i7 a senet
conference was held at the U.S. Naval Academy in Annapolis,
Maryland. to discuss "undesirable electromagnetic effects." At
this conference a research team at Brooks Air Force Base in
Texas headed by James Merritt reported finding "significant
leakage of ftuOJ-es("Cin into the brain substance" of rats after
they were exposed to a 50 millisecond dose of high-level RF
radiation. The brief, high-level exposure delivered enough en­
ergy to the brain. Merritt contended, "to increase brain tissne
temperatures significantly" and cause "hehavioral and ana­
tomic changes." Whether these tests were designed to replicatc
any existing or proje<:ted exposure situations was not indicatcd
in the unclassified ahstract of Merritt's paper that was made
public.6 l!

Several months later Merritt repotted on another aspect of
his work at a special session on the blood-hrain barrier effect
convened during a symposium on the Biological Effects of
Electromagnetic Waves. In addition to his high-level ex peri­
ment, Merritt had also attempted tu replicate the work of Frey
and Oscar and Hawkins. In both cases he failed to get similar
results. At low-level exposure his control and exposed animals
exhibited similar barrier leakage. The only differences Merritt
found were ones produced by heating test animals in an 0\"('11 10

raise body temperatUl-e or after il~jecting the animals with a
substance (urea) known to produce a barrier effect. These re­
sults led him to conclude that Frey had probably seen a thermal
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effect on the blood-brain barrier produced by exposure levels
that were much higher than had been reported. ';()

The conflicting negative and positive repoTts on low-level
barrier effects prompted the navy to convene a third confer­
ence to discuss this problem in October 1978. Once again an
effort was made to ,-eview all prim' work for the purpose of
making decisions on the future of baTTier 'Tsearch, All of the
usual participants wcre prescnt-Frey. Alhert, Oscar, Merritt,
and others who had conducted related research, The format
called for the presentation of papers, discussion, and thcn a
final summary by Don Justesen, a psychologist at a Kansas City
Veterans Administ ration hospital, who was given this impor­
tant task even though he personally had not done any blood­
brain harrier research. A year earlier JIlstesen had heen asked
by a commillee or the National Council Oil Radiation Protec'­
tion. chaired by Guy, to prepare an analYsis or the harrier liter­
ature to he llsed for deriving safety standards. He had also
inserted in a special issue of Radio Sril'n((', which he edited,
comments on papers given at a panel session on the barrier.
Now he was being asked to comment on yet another summary
efl()rt, sponsored this time by the na\'V,'1l

By this time .J ustesen had sccn enough of l\kniu's work to
have sl'rious rescrvations_ Shortly ahcr the (ktoher 197H navy
cOllferelln'. he sul~j('cled l\krriu's I~)77 symposium paper.
which had heell puhlished in Nadia/ioll and EII"illln/1/{'II/a/ Bio­
IJhy,lil.l, to a careful reanalysis. He concluded that "there is some
discrepancY hetwcTn your IMcniu's) data and your interpreta­
tion of sallie," Whell' l\krriu had f(lIl1ld no dh'cts. Justescn
reanal\1ed alld found them, I Ie also asst'lIlhll'd e\·idcllcc Ii",
causal explanations that Merrill had passed ()\'('1. These I)I~jec­

tions and others wcre carefully outlincd in a three-page leller
written on January ;\0, 1979. At the time J ustcsCII was under a
deadline to produce a review 011 the hlood-hrain harrier con­
troversy, fon:ing him to give Merrill a week to reply,71

In thcory Justesen's critique of l\klTiu's work left the n)Jl­
troversy unrcsoh'C'd, III practice. hown·cr, politics entered the
debate and allemptcd to rcsoh'e what scicnce could nol. Juste­
sen tcmpen'd his p,-ivate criticisms (onsidl'lahly when he lOok
to pI-in\. In a commC'nt on the 1977 symposiulll papers, which
finally found their way into prillt ill late June I!179, Justesen
reported that Merritt had discovered his own mistakes, where­
upon he "reanalyzed his data via a powerful analysis-of-

.------------
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variance technique and , . . found reliable results." The
reported reanalysis also led to several points of interest that
bore a remarkable similarity toJustesen's own reanalysis sent to
Merritt in January 1979. A year later in a review of the blood­
brain barrier controversy, Justesen completely ignored the er­
rors in Merritt's only published paper and presented his own
(justesen's) reinterpretations as though they were Merritt's,
This was during the same period that Justesen was wondering
in private how Merritt was "going to handle the flat negative
conclusion in his abstract [of the 1977 paper] in light of the
positive findings obvious in his data, ..72

Justesen was not alone in trying to brush aside the shortcom­
ings of Merritt's work. The final report on the navy's 1978
blood-brain barrier workshop summarized Merritt's work in
two brief paragraphs. The first described his experiment. The
second noted the negative findings and added, "Merritt's data
has [sic] since been analyzed by Justesen and the conclusions
are being restudied.',73 More recently a review of blood-brain
barrier research prepared at the Stanford Research Institute
under an air f()Tce contract summarized Merritt's article with­
out any mention of its shortcomings. The same work that J uste­
sen privately took apart piece by piece in his 1979 letter to
Merritt had quietly become an example of "mort: ol~jective

and refined dete(:tion methods" than were found in Frey's
experimenls.7,1 '

The objectives of the preferential treatment aff()J"dcd not
only to Merritt's work but to other studies that have cast doubt
on Frey's initial experiments arc dear. justesen's reanalysis cn­
deavored to link the obvious barrier effects Merritt found to
thermal mechanisms, Presumably once tics to temperature ele­
vation in the br'ain were established,' the hazards issue was re­
solved since heat stress was not considered an unusual problem.
Viewed from a thermal point of view and using Justesen's esti­
mates, the thermal stresses produced were "no greater than
those produced in an animal by the stresses associated with
swimming, moderate fasting, learning to escape from an an­
noying stimulus, or being gentled in the hands of a human
being."75 In essence, it was argued, thermal effects raised no
special safety problems. There was no reason to worry about
abnormal leakage through the blood-brain barrier if that leak­
age was caused by heating,
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The logic that lay behind this position rested on one debat­
able assumption-that RF heating is similar to other forms of
heating, By the late 197()s it was known that RF energy heats
tissues selectively and causes hot spots. The thermal conse­
quences of lx'ing exposed to an RF field ami being gentled in a
hand arc not the same. Thus the discovery of possible thermal
mechanisms to explain the blood-brain balTier effect was irrele­
vant to the central question being debated-the relt'vance of
the discovery of a harrier effect at low-level exposure. In addi­
tion it was not at all certain how short-term experiments related
to long-term exposure, Justesen felt that dlHmic exposure
posed no special problems, but he was not certain. As he wrote
Frey, "What will happen after continuous exposure oVt~r weeks
and months to fields that promote nUB/circulatory changes?
That is the big question. My head tells me not much will hap­
pen in the way of deleterious effects, but my gut tells me Oil('

simply can't speculate away an untested thesis. "71.
Such doubts not withstanding, the blood-brain balTier

controversy was soon speculated away using untested theses.
Following the 197M navy workshop the conclusions that sup­
posedly emerged from the presentations were summarized in a
final report. The different results reported by the participants
left no doubt "that from a scientific point of view, nllKh more
research nccds to be done to understand the structure and
function of the blood-brain barrier and to c\'aluate the implica­
tions that an incrcase in harrier permcahilily would e\'()ke."·
The state of scicnl ific knowledge was (orre("t Iy as.'iessed as in­
complete. nil' report Ihen went on to draw a second conclu­
sion: "There appears to he no theoretical or experimental
e\"ideIHT thai 10w-k\"e1 microwan's that do not raise the braill
tcmpnaturc could he expected to affect the intq{rity of the
barricr."" This second conclusion was thc untcsted and also
misleading one. Despite claims 10 the (ontr;!ry Frey's work had
not been replicated by other researchers. It was not true. as the
final report claimed citing a 1977 publication, that "Oscar and
Hawkins were unable to replicate Frey's results."·'H Merritt had
lIot followed Frey's quantification techniquc; he had used dif­
ferent techniqucs for measuring fluorescein leakage. And by
the time the workshop summar\" was submitted. Justesen had
already critiqued l\lcrritt's work. Moreover the interjection of
thermal reasoning into the second conclusion was irrelevant.
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Given the state of uncertainty that characterized blood-brain
barrier research in 1978, conclusive evidence either for or
against the effect could not have bee~ assembled.

The purpose of the second, untested conclusion is more than
apparent from a third conclusion that appeared in the original
draft of the workshop summary: "Department of Defense
funding of research evaluating the effect of microwaves on the
blol)u-brain barrier should be of low priority." This was the
jmtification used to curtail harrier research in the years to
come. This open announcement of policy broke with estab­
lished tradition. however. Most planning in the military is done
in dosed meetings. and the results are usually not puhlicized.
The break with tradition was quickly recognized by one of
those reviewing the conference ((n° the military, who wl'Ote in
the margin of the draft. version of the workshop summary: "do
we really want to say this?"7\' Apparently they did not; the third
conclusion was omitted when the flnal report was submitted in
May 1979.

Frey tried to keep the scientiflc debate alive by continuing his
J'esearch and at every opportunity questioning the work of
others, an increasingly difficult task. When Justesen f~liled to
puhlicize his doubts widely. Frey brought the infonnation 10

the attention of the scientific community in a letter written f(>r
publication in the Bioelectromagnetics Society'S Newsletter. The
Newsletter editor, Tom Rozzell. at first denied publication. argu­
ing that the piece Frey had submitted was too long. l.ater he
rescinded this decision and allowed the publication to go f<H"
ward. At the same time, as an offlcial at the Office of Na\'al
Research. Rozzell f<Hllld himself in the position of informing
Frey that his resean:h contract with the navy was to he ter­
minated. In brief, while Rozzell was fostering sdentific debate
through the Newsletta, he was also restricting it by helping to
control the How of vital military research funds. KIt

One year later, in October 1981, Frey ran up against another
obstacle when the editor of the Bioelectromagnetics Society'S
Journal and navy employee, Elliot Postow. refused to puhlish a
paper investigating the effects of RF radiation on the blood­
vitreous-humor barrier in the eye. The justifications Postow
used were one equivocal negative review by Justesen (Russell
Carpenter had submitted a hlvorable review) and his own ob­
jections to the "tongue lashing" Frey had given Spackman,
Preston. and Merritt.R' The frank and open criticism that had
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become a chara<:teristic of Frey's publications over the years did
not fit with the conventional and conservative style that had
come to dominate RF bioeffects research. Frey was not playing
the research game according to the rules.

Ramificatioll,l

The attempts to limit the circulation of Frey's ideas ami other
potentially controversial aspects of RF hiod'l(~(:ts research have
worked to the disadvantage of both slience and poliq. Itl re­
fusing to air its own internal disagreements in public, the estab­
lishment that controls RF biodlens researdl has miskd the
public and n·seanJl{'I's. When criticized hy Fl'ey It))' not point­
ing out weaknesses in Merritt's work, two researchers who re­
cently puhlished a survey of the state of HUB research could
only reply: "No further details [on the statistical ina('('uracies in
Merritt's work] were included in the reports we read. and so we
left it to the reader to decide the significance of theil' results.
since we could not elaborate." Had.l ustesen and ot llt'rs be(~n as
open in their critique of Merritt's work as they had he'en in
rejecting Frey. this would not h,I\'e bccn the case. The same
\'('viewers also claimed that they were not aware of Fre~'"s own
criticisms 01 that work hecause thc !atilT had not hcell puh­
lished in the scientific literature, a shortcoming that was cer­
tainly 1I0t the result of Frey's unwillingness to debate the issues
• • H')
III pnnt. -

Polin' deliberations too have heen hampered hv the politic-i­
zation of RF bioelkcts reseanh and hy the hiases and inn)\\sis­
tencies discussed eadier. The knowledge that key decisions on
such n'seanh havc bcen inlhlenced hy I'crsons with \'('stl'<l ill­
t(Tests in technological cxpansioll raises questiolls ahout the
Iegitiman 01 the research. OIlCC the ol~jeetivit v 01 sciencc is
thrown into douht, its utilit} ill I'0Iicymaking is destl'Oyed.

The dest met ive olllsl'quel\{es of polit icizing science arc well
known, Charles Siisskind fully understood what could happen
when he agued in 19()H. "The lesson is that we must e\'()lve
lIIethods of managing and coordinating research without in­
hibiting the investigator's freedolll." lie and his colleagues
knew that "you must have independent research if you expect
to get results that Gill be helieved." H

:\ But despite such warnings
politics and science have become intertwined in the microwave
debate. The scientific community has allowed social, economil.
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and political pressures to influence its activities, thereby de­
stroying the credibility of its product. With the undermining of
the credibility of science, the second avenue for resolving the
microwave debate (government being the first) became impass­
able. And perhaps as important the glaring inconsistencies that
have emerged over time have brought the mass media and the
public into the microwave debate.

8
Mass Media and the Public

What mllst the press do to get the trllth Ollt to till" public abollt low­
level radiation? Well, we simply have to keep digging; ('heck, <\ollhle­
d,e(:k, and if pussihle triplt'-check every press I'dease, lip, and press
hriefing; n'main always slIspiriolls of authority, and nne I' lost, sight
of that old Latin admonition, Illigitil1lali 11011 mr!Jorwulul1I-don't let
the bastards wear you <1own.- William flines. AI/I/(/I.\ of thl' NflI' }'ork
,\(udl'l".v 01 Slil'l/(I'\ (197~1)

Some scientists ali(I policymakers who have had to defend past
policy decisions during the course of the micruwave debate arg-ue
that the debate it"e1f was started by and has been kept alive by
the mass media and Iheir readers. I There is some truth to this
argument. Had the press not disloVl'n..d and puhlicized the CE
television set incident, thel'{' is no guarantee that Congress
would haH' acted. I'r'('ss stories about ddectin~ minowave
ovens played a uudal role in hringing RF technology tinder the
radiation control umbl-dla. Coverage of the Moscow emhassy
radiation problem played a key role in slirring tip puhlic
illteresl.

It has also heen argued that the main motivation for puhlici/.­
ing the minowave dehate has been economic; the minowave
story sells newspapers. Again there is some truth to this argu­
ment. Popular writers have used the microwave story to sell
copy. But there are also more fundamental reasons that ac­
count for" mass media involvement in the dehate. As a manag­
ing editor of Ihe Eugene. Oregon, Rl'gi,\II'r-(;,wrd explained to
r"eaders when defending his decision to prilll a series or stories
abotlt a microwave signal discovl'n.,d in late )q77:
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